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摘要 
基因编辑作为研究基因功能的重要研究手段在近年来得到突飞猛进的发展。
从二十世纪 50年代开始，科学家便不断探索基因编辑的新方法。直到 2013年，
基因编辑的方法取得了突破，CRISPR/Cas9系统因操作简单、效率高而被迅速应
用到各种生物的基因编辑当中。将细菌免疫系统中的 CRISPR/Cas9 系统应用到
植物体当中，需要面临很多应用上的问题。其中最关键的两个问题是
CRISPR/Cas9 系统在植物体中的表达以及产生突变后如何尽快筛选到可遗传的
突变体。目前在拟南芥中，研究者通过改变 CRISPR/Cas9系统中的相关启动子，
在获得突变体的效率上取得了一定的进展，但由于获得拟南芥转基因植株采用的
是花序侵染法，其突变体可能含有大量嵌合体，而嵌合体后代不能够稳定的遗传。
如何能够快速有效的在突变体后代中获得可稳定遗传的突变体，仍没能有所突破。
本研究利用模式生物拟南芥作为研究材料，对 CRISPR/Cas9 系统的载体进行改
造，期望在拟南芥中找到一种简单高效的方法获得可稳定遗传的突变体，这方面
的突破对于后续研究具有重要意义。 
本研究以生长素结合蛋白 ABP1作为 CRISPR/Cas9系统的靶基因，它作为一
个膜结合的生长素受体自发现以来便受到了研究者的热捧，它在植物的生长发育
以及生长素信号通路中被认为起到非常重要的作用。但是它对植物的重要性目前
却受到了挑战。本实验主要研究结果如下： 
将种皮特异性表达启动子驱动的 mCherry 红色荧光标记蛋白与 CRISPR/ 
Cas9系统载体相结合，利用可视化荧光筛选成功地在 T1代获得了带有 Cas9 的
ABP1突变体，并在 T2代获得了不带有 Cas9的 ABP1稳定遗传突变体。结果表
明 CRISPR/Cas9 系统与 mCherry 可以同时表达，相互独立，互不影响。并且利
用这套筛选方法不仅能够大大缩减获得突变体的时间，同时也提高了可靠性，改
造过后的载体既可以用来筛选稳定遗传突变体，也有利于节约大量的人力物力。 
为了进一步简化筛选突变体的复杂程度，通过对 ABP1 设计两个 Cas9 目标
靶序列，使对突变体的检测简化为一步 PCR法。使用 PCR检测法对 ABP1大片
段切除进行检测，分别成功获得了 1141bp和 711bp大片段敲除突变体。大片段
突变体的成功获得表明利用双元 gRNA可以大大降低对人力物力的投入。 
通过上述方法获得的ABP1突变体不具备其他研究者所报道的缺陷性表型和
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功能。实验室早期利用普通筛选方法获得的突变体表明 ABP1在胚的形成、根的
发育以及生长素信号通路中并没有之前所报道的功能，利用新的筛选方法获得多
个 ABP1突变体的获得进一步验证了实验室早期的结果。推翻了之前 ABP1研究
的很多重要结论，不但使 ABP1的功能得到了重新审视，还增强了不断追求真理
的研究者们的信心。 
本研究详细阐述了 CRISPR/Cas9 载体的改进方法，目标靶序列的选择等。
首次将种子的荧光筛选与 CRISPR/Cas9 系统引起基因靶序列的突变相结合，在
拟南芥中建立起快速筛选出稳定遗传突变体的简单流程。这些研究结果使得
CRISPR/Cas9系统在拟南芥中的应用更加成熟可靠，为获得可靠稳定的突变体奠
定了坚实的基础。 
关键词：CRISPR/Cas9；引导 RNA；核酸酶-引导 RNA-核酸酶人工复合体；mCherry
荧光；突变体 
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ABSTRACT 
Gene-editing，an important technique in studies of gene functions, has developed 
rapidly in recent years. Scientists had been exploring new ways to edit genes since 
1950s.In 2013,CRISPR/Cas9, with its high efficiency and simplified operation,was 
applied into gene-editing. It is a breakthrough in gene-editing. But in practice, 
scientists have encountered new problems using CRISPR/Cas9, a part of bacteria 
immune system, in plant gene editing. There are two significant problems when we 
use CRISPR/Cas9 for site-specific mutagenesis.First one is how to induce the gRNA 
expression in plant, the other problem is how to obtain reliable and heritable 
mutations. Now, our researchers have some research progress in generating 
mutagenesis by changing the promoter of CRISPR/Cas9 system. However, the 
conventional way to get transgenic plants is inflorescence infection mediated by 
agrobacteria in Arabidopsis, and the mutants are mosaic in first generation. So it is 
hard for us to get breakthrough in obtaining reliable and heritable mutagenesis. Herein, 
we use Arabidopsis as a model to improve CRISPR/Cas9 system. It is important for 
us to develop an easy, reliable and efficient stratages to solve these problems. 
To demonstrate in principle, we targeted Auxin Binding Protein 1 (ABP1) gene, 
whose function is thought to be very important to plant development and auxin signal 
pathway as a membrane-associated auxin receptor has been challenged recently. The 
main results are showed as following: 
The vector combined red fluorescence protein mCherry, which is expressed by 
seed coat specific promoter AT2S3, with CRISPR/Cas9 system. By using this simple 
screen method, we successfully obtained ABP1 mutants with Cas9 in T1 and without 
Cas9 in T2 genetated by CRISPR/Cas9-mediated gene-editing. It indicated that 
mCherry and CRISPR/Cas9 system can be expressed separately. This method can 
highly reduce the screen time and improve the reliability, not only for it is heritable 
mutants obtaining, but also for it is time saving. 
To further simplify the screening procedure, we simultaneously targeted two sites 
in ABP1 to generate large deletions, which can be easily identified by a PCR reaction. 
III 
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We successfully generated two ABP1 alleles, which contained 1141 bp and 711 bp 
deletions in ABP1 gene, respectively. It demonstrated that it is time and labor saving 
by using CRISPR/Cas9-mediated gene-editing with two gRNA. 
There is no defected phonotype of ABP1 muants as reported. The mutants from 
general screen method showed that ABP1 has no significant function in embryo 
development, root development, and auxin signal pathway.The new mutants, obtained 
from new screen method, verified our early results. And it overthrewed many 
conclusions we made. It is not olny the time to rethink the function of ABP1, but also 
enhanced the pursuit of truth in the research.  
    Collectively, this study elaborated how to improve CRISPR/Cas9 vector and how 
to choose targets. We use a simple screening method to establish a simple and quick 
process to obtain the heritable mutagenesis in Arabidopsis by using CRISPR/Cas9- 
mediated gene-editing. These results make CRISPR/Cas9-mediated gene-editing 
easier and more reliable, and set a solid foundation in obtaining mutangenesis in 
Arabidopsis. 
Key words：CRISPR/Cas9; gRNA; RGR; mCherry fluorescence；mutants
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前言 
第一章 前言 
1.1基因编辑的兴起 
遗传物质在生物体整个生命过程中扮演着重要的角色，但是直到二十世纪五
十年代，Watson和 Crick发现核酸分子会通过磷酸键首尾相连形成双螺旋结构(1, 
2)，人类才开启了分子生物学的新时代，对生命的认知也开始深入到了分子水平。 
DNA（Deoxyribonucleic Acid）是一种非常不稳定的分子，即使在没有任何
外在因素的影响下也会以每天超过 10000个碱基被分解(3, 4)。造成 DNA发生双
链断裂的原因主要包括内生外生损害（碱基不稳定、內源代谢、紫外线、电离辐
射等）和细胞进程损害（核酸内切酶、染色体重组、细胞复制等）(5)。DNA发
生断裂后，细胞会启动自身的內源修复机制：包括同源重组修复（HDR）和非
同源末端结合修复（NHEJ）(6-8)。 
同源重组修复（HDR）和非同源末端结合修复（NHEJ）（图1.1）必须经历
双链DNA的断裂。在同源重组修复中，Rad51蛋白(9)在HDR修复起始后，可能会
结合在断裂链的两端，结合后Rad51会募集辅助因子，辅助因子用于引导断裂片 
 
图1.1 DNA双链断裂典型的修复方式(10) 
Figure 1.1 Typical repaired pathways of DNA double-strand breaks (DSBs)(10) 
段同外源修复模板同源臂的结合。最后，在姐妹染色单体的协助下对基因进行准
确的修复。在非同源末端修复中，Ku蛋白(11)的异源二聚体结合在断裂链的两端，
它为相应的修复蛋白起到了支架作用，当互补的双链末端遭受切除或者有相似同
源片段导致错配，将会造成插入或缺失，最终引起移码突变或基因敲除，插入与
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